There have been a number of previous investigations of mineral constituents in the erthyrocytes of patients with iron deficiency and pernicious anemia (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) , but most of these studies have been restricted to one or two metals. In many of them expression of the mineral composition of the cells has been restricted to the amount per unit volume of packed cells, and in only a few instances has the amount of metal per cell or per unit volume of cell water been given. The published data are widely scattered throughout the literature, and surprisingly few subjects have been studied. Considerable disagreement still exists about the exact composition of the cells in these disorders. In adults with iron deficiency most results suggest that the average amount of sodium, magnesium, copper, and zinc per milliliter of packed red blood cells is not significantly different from normal (1) (2) (3) (4) (5) (6) , but Pagliardi, Prato, Giangrandi, and Fiorina (7) have reported recently that copper per milliliter of cells is increased. The concentration of potassium in iron-deficient erythrocytes has been reported to be normal (8) , slightly raised (1, 2, 9) , and markedly increased (10) by different workers. In pernicious anemia an increase in erythrocyte zinc has been reported (4, 11) , but recently Herring, Leavell, Paixao, and Yoe (3) found normal levels of erythrocyte zinc in this disorder. Magnesium per milliliter of centrifuged cells has been reported to be normal (3) and to be increased (12) by different authors. Sodium per milliliter of packed cells has been reported to be raised (13) , and potassium and copper have been found to be normal (2, 3, 5, 6, 13, 14) . Erythrocyte calcium does not appear to have been studied previously in either iron deficiency or in pernicious anemia.
This report concerns a study of the pattern of change in six mineral constituents of the erythrocytes in iron deficiency and in vitamin B12 deficiency. The analytical methods used have taken into consideration differences in cell volume, cell water, cell hemoglobin, and trapped intercellular plasma.
Methods
The techniques for collection of blood, sample preparation, and analysis of plasma and erythrocytes have been described elsewhere (15) (16) (17) .
Ten patients with vitamin B,2 deficiency who ranged in age from 52 to 86 years were selected from cases of pernicious anemia in relapse. The diagnosis was based on the presence of macrocytic anemia, megaloblastic changes in a bone marrow aspirate, impaired absorption of Coe-B,2 that was corrected by the administration of intrinsic factor, and a satisfactory response to treatment with vitamin Biz Eight iron-deficient patients aged 29 to 68 years with anemia due to previous blood loss from either the uterus or the gastrointestinal tract were selected for study on the basis of hypochromic microcytic anemia and the absence of stainable iron in a smear of a bone marrow aspirate. In these subjects correction of certain results for trapped intercellular plasma was made from calibration curves prepared from trapped plasma measurements made by an Evans blue dye dilution technique (16) on the centrifuged erythrocytes of patients with iron deficiency and the patients with pernicious anemia. The mean and range of blood counts in the patients are given in Table I . Compared to the results in a normal control group (17) there was a significant reduction, p <0.05, in the mean values for hemoglobin, hematocrit, and red blood cell concentra- (17) . tion in both the iron-deficient and vitamin Ba2-deficient groups. The mean corpuscular hemoglobin concentration was reduced in the iron-deficient group, but the diminution was not marked considering the degree of anemia.
A separate study was made of erythrocyte calcium in ten iron-deficient subjects in which erythrocyte values were corrected for trapped intercellular plasma from individual calibration curves prepared by measuring trapped plasma in each sample with RISA 1 (17) . These patients were selected for study on Figure 1 ). The mean increase in Ca and Cu was in direct proportion to the increase in cell volume. The average amount of Na, Mg, and Zn was increased per cell out of proportion to the increase in cell volume and to the increase in cell water. The levels in five, seven, and ten of the ten patients, respectively, were ouside the normal range. The average levels of both potassium and water per cell and per cubic micron of cell were significantly increased; the amounts per cell were increased above the normal range in all of the patients, and the amounts per cubic micron of cell were increased above the normal range in four of them.
The average total cation concentration per microliter of plasma water was similar in the control subjects and the vitamin B12-deficient patients The average total cation concentration per microliter of plasma water in the iron-deficient subjects was similar to the level in the control group, and the average concentration of cation in the iron-deficient erythrocytes was not significantly different from normal (Table IV) .
The hemoglobin concentration, mean cell volume, and erythrocyte calcium values in 11 patients with iron deficiency in whom trapped plasma correction was made with RISA are compared in Table V and the ratios of copper: water and copper: nitrogen are significantly reduced (Table II) . The explanation for the raised erythrocyte sodium in vitamin B12 deficiency is not clear. Shortened erythrocyte survival due to intrinsic abnormality in the cell has been found in pernicious anemia (21) , and it is possible that the raised sodium is a reflection of premature senescence of the cells. It is also possible that the raised sodium is secondary to increased permeability of the cell to plasma sodium. Bang and 0rskov (22) (5) * Results in the literature expressed as wt/vol of packed cells were converted gravity of the erythrocytes.
is increased permeability of the erythrocytes to glucose, malonamid, and thiourea, and it is not unreasonable to postulate that permeability to sodium might be increased too. Another possible explanation is a specific defect in the sodium pump due either to an intrinsic defect in the cell or to damage by an extrinsic factor in the plasma. The survival of normal erythrocytes in patients with pernicious anemia is shortened (21) , and it may be that inhibition of the sodium pump is brought about by a noxious factor in the plasma.
The finding of an increase in the average amount of magnesium per cell and per cubic micron of cell in vitamin B12 deficiency confirms the earlier observation of Bang and Orskov (12) , but it refutes the recent report of Herring and associates (3) that erythrocyte magnesium is normal in untreated pernicious anemia. The raised erythrocyte magnesium was not associated with abnormality in the plasma magnesium concentration. It is of interest that in vitamin B12 deficiency many of the enzymes in the erythrocyte involved in anaerobic glycolysis including phosphoglycerate kinase and pyruvate phosphokinase, which are to wt/wt with 1.095 as the specific activated by magnesium ions (23), are increased two or three times greater than one would expect from the increase in cell size (24, 25) . Despite this, the glucose uptake of the cell has been reported to be decreased (26, 27) .
In iron deficiency the diminution per cell in the average amount of sodium, magnesium, copper, and zinc was directly proportional to the change in cell volume and cell hemoglobin. The results are in accord with those found by others with one exception (Table VII) . The finding of Pagliardi and associates (7) of increased copper per milliliter of erythrocytes in adults with iron deficiency has not been confirmed. Lahey and co-workers (5) have reported increased amounts of copper per cell in 5 of 14 iron-deficient infants, but they found normal levels in adults with iron deficiency. The reason for the difference between erythrocyte copper levels in adults and infants with iron deficiency is not clear.
Erythrocyte calcium was raised in four of the eight iron-deficient subjects in whom trapped plasma correction was made from a composite calibration curve (Table III ) and in 9 of 11 cases where correction for calcium and trapped intercellular plasma was made with RISA (Table V) . The large deviation of calcium values about the mean value in the first iron-deficient group is due to differences in the amount of trapped plasma in the packed cells that were not taken into account when trapped plasma correction was made from a composite calibration curve. The lower mean value and narrower range of results for erythrocyte calcium in the second group in which trapped plasma correction was made with RISA is due to greater accuracy of this method and to the slightly higher value for trapped plasma obtained with RISA in comparison to Evans blue dye, the latter having been used to construct the composite calibration curve (17) . The explanation in iron deficiency of the raised erythrocyte calcium and the significance of this finding are not clear. The increase in calcium was not related to the severity of the anemia, the mean corpuscular volume, or the mean corpuscular hemoglobin concentration, nor was it associated with abnormality in plasma calcium concentration. In the two iron-deficient patients in whom erythrocyte calcium was normal, one (No. 5, Table V) had just recovered from staphylococcal cellulitis of the face that had been successfully treated with penicillin, and the other (No. 11) subsequently developed polycythemia vera after treatment with iron. It is possible that these associated conditions account for the difference between erythrocyte calcium values in these cases and the other patients with iron deficiency, but a study of a larger number of patients with iron deficiency due to different causes is required to settle this. Gent, Trounce, and Walser (28) have reported that in vitro the binding of calcium ions by erythrocyte ghosts is affected by magnesium ions, but both plasma and erythrocyte magnesium concentrations were normal in the iron-deficient subjects. Dunham and Glynn (29) have reported that calcium ions in small amounts increase the ATPase activity of erythrocyte ghosts three-to fourfold, but higher levels lead to inhibition. The concen-tration of calcium ions required to inhibit ATPase activity in these in vitro studies was ten times greater than the levels found in iron-deficient erythrocytes, and it seems unlikely that the less than twofold increase in calcium concentration in these cells (Table V) would produce inhibition of ATPase activity.
Both Henderson (30) and Maizels (2) have previously reported an increase in the cation concentration per unit volume of erythrocytes in pernicious anemia, but appropriate correction for sodium in trapped intercellular plasma was not made in either of these studies, nor was the concentration of erythrocyte magnesium considered. In the present study a significant increase in the average total cation concentration per liter of erythrocyte water was found in vitamin B12 deficiency, but the raised level in iron deficiency was not significantly deviated from normal (Table IV) . Summary 1. The levels of sodium, potassium, calcium, magnesium, copper, and zinc were determined in the erythrocytes of ten patients with untreated pernicious anemia and eight patients with iron deficiency anemia.
2. In vitamin B12 deficiency the average amount of each mineral constituent in the cell was increased. The average amount of sodium, magnesium, and zinc was increased per cubic micron of cell, per microliter of cell water, and per micromole of hemoglobin, but only zinc was raised in all of the subjects. The mean increase in potassium per cell was slightly greater than the mean increase in cell volume, and it was accompanied by a similar increase in cell water. The mean increase in calcium and copper was proportional to the increase in cell volume.
3. In iron deficiency the average amount of sodium, potassium, magnesium, copper, and zinc in the cell was decreased. The diminution in sodium, magnesium, copper, and zinc was proportional to the decrease in cell volume. The decrease in potassium per cell was slightly less than the decrease in cell volume, and it was accompanied by a similar change in cell water. 4 . Erythrocyte calcium was increased above the normal range in four of eight patients with iron deficiency in whom analysis on packed cells was corrected for calcium in trapped plasma using a composite calibration curve and in 9 of 11 patients in whom trapped plasma correction was made with I"31-labeled serum albumin.
5. The average total cation concentration per liter of erythrocyte water was increased in vitamin B12 deficiency.
